Abstract. Pattern recognition (PR) is a challenging task when images contain distortion, partial shape, overlap, occluded, noise and segmentation error in the digital image. This paper presents a new approach to match a partial image with rotated images by using a genetic algorithm (GA). A genetic algorithm with a chromosome of small length was used to decrease the search space, whereby the results can be obtained in a short time. The new approach translates the partial image into the rotated image and rotates it by angle θ to obtain the best matching quickly. To show the efficiency and accuracy of the proposed new approach, some examples are shown.
Introduction
In many applications image matching plays an important and essential role such as multi-spectral image analysis and multimodality medical imaging (Aguilera, Barrera, Lumbreras, Sappa, & Toledo, 2012; Bhadoria, Aggarwal, Dethe, & Vig, 2012; Saleem, Bais, & Sablatnig, 2012; Simunic & Loncaric, 1998) . Producing a single image from multisource of object information is the main role of matching (Simunic & Loncaric, 1998) . The image detecting and matching are the key technology of the computer vision. This technology focuses on determining the unknown transform parameters required to map one image to match an image. The basic matching are mold plate matching, and distance tolerance, correlation matching.
The genetic algorithms (GAs) are faster than the other methods for finding the near optimal solution (M. Alsmadi The GA needs a large number of generations to reach the solution. In the pattern-matching problem, the chromosomes length is set depending on the accuracy of the required solution. The length remains constant throughout the execution of the algorithm (Gautam Garai & Chaudhurii, 2013) . Thus, if more accurate solution is required, the chromosome length should be larger, thereby increasing the execution time of the GA (G. Garai & Chaudhuri, 2002) .
The aim of this research work is to design an efficient GA that matches a partial image with an image space that represents a rotated image. Therefore; the partial image and the image space are given as a dot matrix (0, 1). In the proposed approach the image space is divided into some partial images, every sub image has the same size of the given partial image that must be match. A genetic algorithm is used to match the partial image with the image space. The advantage of the proposed genetic algorithm is that it uses a chromosome of small length in order to overcome the limitations of the existing genetic algorithms (Ansari et al., 1990 ; G. The paper is organized as follows: the pattern-matching problem is described in section 2. In section 3, the proposed approach is presented. The experimental results are shown in the section 4. This research consider the following notation to describe the problem of pattern matching: Notation • ND: the pixel number of the pattern P.
• NDM: the pixel number of the partial matching.
• RD: the number of required pixels and equal to 0.7*ND.
• pop_size: the number of chromosomes in each population.
• gen: the generation counter.
• max_gen: the maximum number of generation.
• P c : the crossover ratio.
• P m : the mutation ratio.
The Problem Description
The problem of pattern matching in 2D was matching an unknown pattern with some known patterns and the best matching pattern is to be found out. The known pattern space in a pattern-matching problem is normally equal to the image space. This research assumes that the image space S has a length M in x-direction and N in y direction, and the unknown pattern P has a length K in x-direction and L in y-direction, such that K<M and L<N as shown in Fig 1. This work aims to match the partial image with the image space as the following steps: 1. P will be translated to a position (X,Y) in S. 2. P will be rotated by angle θ, the position (X,Y) becomes . 3. The best matching pattern will be found out as follows:. Where the co-ordinate is given by the following relationship :
The Proposed Genetic Algorithm
The image space S is divided into some partials; each one has the same size of the pattern P and each partial is referred by a position with special co-ordinate (X,Y). Any position (X,Y) for each partial in the image space S is easily formed into a binary string that can be used as a chromosome for genetic algorithm. The elements of a chromosome are written as bits (0,1). The chromosome has a small length and it represents the possible solution with a position in the solution space.
Chromosome Representation
The chromosome length (LC) is determined by the search space dimensionality and size, and is given by the relation:
where D1 represents the length of the chromosome in x-direction, D2 in y-direction and D3 the rotation angle. The value of D1 and D2 is given as the following relationships:
The chromosome is represented in the following form: (6) It is represented as a string of bits as shown in Fig.3 . The elements of a chromosome (x 1 x 2 x 3 …… x D1 ) represent the co-ordinate X, and (y 1 y 2 y 3 …… y D2 ) represent the co-ordinate Y of a position (X,Y) and (θ 1 θ 2 θ 3 ………………θ D3 ) represent the rotation angle in S.
The Fitness Function
Each generated chromosome represents a position (X,Y) in the image space S. This position represents the co-ordinate of the translation point of a partial image in S. The partial image will be rotated by angle θ and then, the position is computed by using Eq. (1). The fitness function will check this position , if it is included in S or not as follows:
And

The Initial Population
The initial population is considered as a set of chromosomes that are generated randomly. The following steps show how the initial population can be obtained: 1. Generate the initial population randomly according to Eq. 3, 4, and 5. 2. If the chromosome generated in step 1 fails to satisfy the Eq. 7 discard it and repeat step 1 3. If the pop_size chromosomes are generated then stop.
Genetic Crossover Operation
The crossover operation is performed by one-cut point, according to the crossover ratio (Pc). The cut point is selected randomly from 0 to D1+D2. The offspring is generated by the crossover operation as shown in Fig.  4 . 
Genetic Mutation Operation
The mutation operation is performed on bitby-bit basis, according to the mutation ratio (P m ). The mutation ratio Pm is estimated randomly. The point to be mutated is selected randomly from 0 to D1+D2. An offspring is mutated mutation as shown in Fig. 5 . 3.6 The Entire Algorithm 1. Set the parameters: pop_size, max_gen, Pm, Pc. . 
Determine the dimensions of the image S (M, N) and the dimensions of the patern P(K, L
The Expermental Results
The experiments in this research were conducted based on the rotation of partial pattern and the images with different angles as shown in table 1, Fig. 6 shows an examples of the rotated pattern and image with 60 degrees, and Fig. 7 shows an example of the only rotated image with 60 degrees. The experiments shows that when the image and the pattern are rotated with same angles, the proposed genetic algorithm successfully matches the pattern with the image that has the same pattern with a percentage of 100% as shown table 1. Oppositely; the experiments shows that when the pattern or image is only rotated, the matching accuracy was decreased when increasing the rotation degrees, because some of the pixels in the rotated pattern or image are not matching each other exactly as shown in table 2 and this was the main limitation of this research. Despite this results; the proposed algorithm is very effective in the case of rotational image as shown in table 2. Another experiment is conducted to explain how to calculate the chromosome length (LC). In this experiment, two different examples are presented to show the capability of the proposed genetic algorithm for matching a partial image P with rotation and without rotation image space S. In the first example, the image space S is given without rotation as shown in Fig. 8 .a but in the second example, the rotational image is used as shown in Fig. 8 .b. The image space S in the two examples is Lenna photo and the partial image P is the eye of Lenna photo. The size of the image space S is 256*256 and the partial image P is 25*36 pixels.
In the experimental examples, the proper settings of the GA parameters are: pop_size=20, MG =10000, Pc=0.95, Pm=0.05 and NRUN=10.The chromosome length (LC) is computed as follows:
Then LC=8+8+5=21. After running the algorithm, the partial image P was matched perfectly with the image space S of the first example, but is matched with a ratio of 77% with the image space S of the second example. This results show that the proposed algorithm is very effective in the case of rotational image as shown in table 3. Moreover; the proposed method has the capability to handle different image types such as colored and gray images.
The proposed GA is very useful and enabled us to obtain results faster, leading to save time and effort. In other words, the use of GA has played a major role in reducing the search space generated by the problem. Therefore; the merits of this work is obtaining result faster, which lead to save time and effort. On the other hand; the demerits of this work is that the proposed algorithm was not applied on images which are taken with different angles. Future Direction for this work is to use the genetic algorithm in image recognition by a pattern matching.
Conclusion
A novel approach is presented in this work; the proposed approach matches the partial image with the rotated images using a genetic algorithm (GA). Therefore; the approach divides the image space into some partials; each one has the same size of the partial image that must be match. After that the partial image is translated to a position (X, Y) inside the image space and rotated by angle θ, and the best matching is found effectively and accurately. The proposed genetic algorithm uses a chromosome with small length to decrease the search space. The choice of the chromosome length is determined based on the search space dimensionality and size. The chromosome with a small length represents a possible solution with a position in the solution space. The fitness function checks whether the chromosome is included in the solution space or not. The algorithm selects all chromosomes that have the maximum RT. It uses the crossover and mutation operation to obtain an optimal position. Finally; the future work of this research is to develop intelligent methods that have the ability to extract some patterns from the object inside the image, and to use these patterns to recognize the images that have the same patterns.
